Ultra-peripheral results from CMS

CMS Experiment at LHC, CERN

Data recorded: Thu Nov 26 00:39:30 2015 CET
Run/Event; 262620 / 11202709

Lumi section: 217

Orbi/Crossing: 56785710/ 3145




Vector meson photoproduction
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If wavelength of photon is
comparable to size of nucleus
we are sentive to the square of
the average gluon density. If
the wavelength is shorter then
the cross section depends
upon the sum of the squares
of the gluon density in regions
of the nucleus.




The Compact Muon Solenoid
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Trigger requires 1 muon and 1 ZDC

1 hit in muon chambers

Nothing in forward calorimeter

teutron
ﬁ

At least 1 forward
neutron

At least 1 pixel track
(HLT level)




Vector meson photoproduction in Pb-Pb

Total cross section | |\ . 105 High W: x~ 10-4
dopbpb(Y)

P N /b (y, M)oypb(y) + Noyypb(—y, M)oypn(—y)

Neutron dependence
do (total)/dy = do(0nOn)/dy + 2do(0nXn)/dy + do(XnXn)/dy

Vector meson is accompanied by at least one neutron on one side of the
Interaction point and no neutron activity on the other side
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Coherent J/— photoproduction
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Coherent J/— photoproduction

dcrgihﬂn (] / ) o Nggﬁ
dy ¥)= BR(J/Yp — putu=) - Lint- Ay - [A x &)V

* The acceptance and reconstruction efficiency
are estimated from MC and found to be 12%

* The trigger efficiency iIs measured from data
and found to be 50%




Coherent J/— photoproduction

Systematic uncertainties

Source Uncertainty
(1) Signal extraction 5%
(2) Neutron tagging 6%
(3) HF energy limit 2%
(4) MC acceptance corrections 1%
(5) ZDC efficiency estimation 3%
(6) Tracking reconstruction 4%
(7) Int. luminosity determination 5%
(8) Branching fraction 1%
Total 11%




ldentifying neutrons with the ZDC
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Break-up modes for UPC J/y

XnOn single-sided with any number of neutrons

XnXn double-sided with any number of neutrons on either
side

1nl1ln double-sided with only one neutron on each side

]/IP with p'I' {{]-15 GEVIE Xfrxﬂf}{nﬂn 1nﬂnff}{nﬂn 1nlnfxnﬂn

Data 0.36+0.04 0.260.03 0.03£0.01
STARLIGHT 0.37 N/A 0.02
GSZ 0.32 0.30 0.02
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UPC PbPb => J/p + neutrons
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X 0, is the
dominant
mode that has
neutron
emission




Coherent J/— photoproduction
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Rapidity distribution of coherent J/y

9 Pb+Pb — Pb+Pb+J/y 159 ub™' (2.76 TeV)
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J/p versus yp center of mass energy

Phys. Rev. Lett. 113 (2014) 23, 232504
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Models of Nuclear effects
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Nuclear gluon density
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Two different topologies
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neutron

ame direction
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Incoherent J/p for p+ > 150 MeV/c

Pb+Pb — Pb+Pb+JAy (X 0 ) 159 ub™ (2.76 TeV)
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Can we measure fluctations
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Comparison of y+Pb to y+p
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pPb => Exclusive Y at Vs, = 5.02 TeV
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Exclusive Y vs p;?

pPb 32.6 nb™* (5.02 TeV)

ad [

> CMS Spectrum can be thought of
8 102  Preliminary as the Fourier transform of
= = the gluon density

s :

= 'Slope =4.5+1.7 + 0.6 GeV

s 10 1in agreement with HERA.

©

_ o Data
—— %2 minimization fit to data

—h
Q
|

0.1 0.2 0.3 0.4 0.5 0.6 0.7
It| (GeV)?

29 t| = p+* [GeV?]




Upsilon cross section vs VS, |

- CMS Preliminary oPb 32.6 nb' (5.02 TeV)
J_. 1 1 I I ! | 1 | 1 1 | I 1} —
- T ZEUS2009(ep) Leading order =
— —— ZEUS 1998 (e-p) . |
= H1 2000 (e-p) calculation =
[ — = LHCb (p-p, 7.8 TeV) disfavored ' »

——e— CMS (pPb, 5.02 TeV)

- =

---- bCGC-BG
---- bCGC-LCG

[ ] JMRT-LO

] JMRT-NLO

[ 171< W, , <243 GeV 312< W, , <826 GeV — Fit CMS: 5=0.96+0.43
L —— Fit HERA+CMS+LHCb: _|
5=0.76+0.14

1 1 1 I 1 1 1 | 1 1 1 1 I |
10° 10°
Photon-proton center of mass energy (GeV)

CMS-HIN-15-001

91< W__ <171 GeV 243< W_ <312 GeV

23




Coming soon: Dijets, Y ...

GMS Exparment at LHC. CERN Leadmng three jets Er = 65,45, 27 GeV
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FSC empty in both sides
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\. 4 . -
. Track p1 > L GeV

Exclusive Upsilon ™74

CMS Experiment at the LHC, CERN
Data recorded: 2016-Nov-19 13:19:56.623727 GMT
Run / Event / LS: 285530 / 185892125 / 159

CMS TOTEM event display: high pr jets with leading protons
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Conclusions

 UPC y+Pb => J/@ suggests that there is significant
shadowing of gluons in Pb nuclei at low x and Q?

* Break-up ratios are consistent with theoretical
models using multiple photon exchange. Neutron
tags can resolve photon direction for forward J/g

* Incoherent J/y are generally emmitted with
neutrons in same rapidity hemisphere (high-x
component). In qualitative agreement with ALICE
results on exclusive J/g in y+p

* Cross section for y+p => Y increases as a power law of
center of mass energy
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Exclusive PbPb => J/py +n

photons have

p-l-"'h/R N
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* Quarkonia production in exclusive y+p and y+Pb
 Look for effects of gluon saturation
* Using neutrons as a photon tag
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Incoherent photoproduction in Pb-Pb

Total cross section | |\ . 105 High W: x~ 10-4
dopbpb(Y)

P N /b (y, M)oypb(y) + Noyypb(—y, M)oypn(—y)

Pb

n

Pb—n

Incoherent production is expected to be more sensitive to the photon direction
(energy dependence). Here OnXn and XnOn will unfold the two x-values
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Nuclear suppression factor in Pb
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Understandinc

Initial stage )

Initial stage
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the nature of the initial state is one of the most

Important questions in high-energy nuclear physicgms
Daniel Tapia Takaki QM 2017 - Chicago, IL iFeb 7,2017




Coherent J/— photoproductionif

CMS Experiment at LHC, CERN

Data recorded: Fri Nov 18 03:24:41 2011 CEST
Run/Event: 181969 / 18812570

Lumi section: 520
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Nuclear gluon density

Before Now V. Guzey, et al.
Phys. Lett. B726 (2013) 290-295
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Nuclear gluon densites
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